1
H NMR spectra. Chemical shift (δ) is reported in ppm, coupling constants (J) are given in Hz. The following abbreviations classify the multiplicity: s = singlet, d = doublet, t = triplet, m = multiplet or unresolved, br = broad signal. HR-MS (ESI) spectra were recorded on a Waters Q-Tof premierTM mass spectrometer.
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Material: Dimethyl sulfoxide (DMSO) and triethylamine (Et 3 N) were purchased from commercial suppliers and used without further purification. NHC catalysts, tetrakistriphenylphosphine palladium(0), Allyl acetate (1a), pyridine-2-carboxaldehyde (2a), 6-methylpyridine-2-carboxaldehyde (2b), 6-methoxylpyridine-2-carboxaldehyde (2c), 6-bromopyridine-2-carboxaldehyde (2d), 6-(2-Thienyl)pyridine-2-carboxaldehyde (2f), 5-bromopyridine-2-carboxaldehyde (2h), 2-quinolinecarboxaldehyde (2j) were purchased from commercial suppliers. 6-phenylpyridine-2-carboxaldehyde ( 2e), 1 6-hydroxymethylpyridine-2-carboxaldehyde (2f), 2 5-phenylpyridine-2-carboxaldehyde (2i), 1 1-isoqunoline-carboxaldehyde 3 (2k) and 3-isoquinolinecarboxaldehyde 4 (2l) were prepared by reported methods.
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Experimental procedure
General experimental procedure of direct coupling by dual catalysis : To a solution of 1a (0.4 mmol), tetrakis(triphenylphosphine)palladium(0) (0.02 mmol), 5-(2-Hydroxyethyl)-3,4-dimethylthiazolium iodide (0.04 mmol) and triethylamine (1.2 mmol) in dimethyl sulfoxide (1.2 mL) under argon at room temperature, (oazaaryl)carboxaldehyde (0.8 mmol) in dimethyl sulfoxide (0.8 mL) was added by a syringe pump within a 2-hour period. The mixture was allowed to stir at room temperature for another 1 hour. Then the mixture was diluted with ethyl acetate (10 mL), filtered, washed with water (20 mL) and brine (15 mL) and dried over Na 2 SO 4 . The organic layer was evaporated and the residue was purified by flash column chromatography to afford the product.
2-methyl-1,4-di(pyridin-2-yl)butane-1,4-dione (3a)
To a solution of 1a (0.4 mmol, 44 μL), tetrakis(triphenylphosphine)palladium(0) (0.02 mmol, 23 mg), 5-(2-Hydroxyethyl)-3,4-dimethylthiazolium iodide (0.04 mmol, 12 mg) and triethylamine (1.2 mmol, 165 μL) in dimethyl sulfoxide (1.2 mL) under argon at room temperature, pyridine-2-carboxaldehyde (0.8 mmol, 76 μL) in dimethyl sulfoxide (0.8 mL) was added by a syringe pump with a 2 hours period. The mixture was allowed to stir at room temperature for another 1 hour. Then the mixture was diluted with ethyl acetate (10 mL), filtered, washed with water (20 mL) and brine (15 mL). The organic layer was evaporated and the residue was purified by flash column chromatography (Hexane:EA = 4:1) to afford the product as a brown solid (85 mg, 83% was added by a syringe pump with a 2 hours period. The mixture was allowed to stir at room temperature for another 1 hour. Then the mixture was diluted with ethyl acetate (10 mL), filtered, washed with water (20 mL) and brine (15 mL). The organic layer was evaporated and the residue was purified by flash column chromatography (Hexane:EA = 2:1) to afford the product as a yellow solid (126 mg, 77%). was added by a syringe pump with a 2 hours period. The mixture was allowed to stir at room temperature for another 1 hour. Then the mixture was diluted with ethyl acetate (10 mL), filtered, washed with water (20 mL) and brine (15 mL). The organic layer was evaporated and the residue was purified by flash column chromatography (Hexane:EA = 4:1) to afford the product as a yellow solid (137 mg, 84% -(2-Thienyl)pyridine-2-carboxaldehyde (0.8 mmol, 151 mg) in dimethyl sulfoxide (0.8 mL) was added by a syringe pump with a 2 hours period. The mixture was allowed to stir at room temperature for another 1 hour. Then the mixture was diluted with ethyl acetate (10 mL), filtered, washed with water (20 mL) and brine (15 mL). The organic layer was evaporated and the residue was purified by flash column chromatography (Hexane:EA = 4:1) to afford the product as a pale yellow solid (132 mg, 79%). 2 mL) under argon at room temperature, 6-hydroxymethylpyridine-2-carboxaldehyde (0.8 mmol, 110 mg) in dimethyl sulfoxide (0.8 mL) was added by a syringe pump with a 2 hours period. The mixture was allowed to stir at room temperature S8 for another 1 hour. Then the mixture was diluted with ethyl acetate (10 mL), filtered, washed with water (20 mL) and brine (15 mL). The organic layer was evaporated and the residue was purified by flash column chromatography (Hexane:EA = 1:2) to afford the product as a white solid (29 mg, 23%). 1 was added by a syringe pump with a 2 hours period. The mixture was allowed to stir at room temperature for another 1 hour. Then the mixture was diluted with ethyl acetate (10 mL), filtered, washed with water (20 mL) and brine (15 mL). The organic layer was evaporated and the residue was purified by flash column chromatography (Hexane:EA = 2:1) to afford the product as a white solid (124 mg, 76% 2 mL) under argon at room temperature, 5-phenylpyridine-2-carboxaldehyde (0.8 mmol, 146 mg) in dimethyl sulfoxide (0.8 mL) was added by a syringe pump with a 2 hours period. The mixture was allowed to stir at room temperature for another 1 hour. Then the mixture was diluted with ethyl acetate (10 mL), filtered, washed with water (20 mL) and brine (15 mL). The organic layer was evaporated and the residue was purified by flash column chromatography (Hexane:EA = 4:1) to afford the product as a yellow solid (115 mg, 71%). 35.2, 42.1, 121.9, 122.6, 127.3, 127.3, 128.7, 128.8, 129.2, 129.2, 135.0, 135.1, 136.9 
2-methyl-1,4-di(quinolin-2-yl)butane-1,4-dione (3j)
To a solution of 1a (0.4 mmol, 44 μL), tetrakis(triphenylphosphine)palladium(0) (0.02 mmol, 23 mg), 5-(2-Hydroxyethyl)-3,4-dimethylthiazolium iodide (0.04 mmol, 12 mg) and triethylamine (1.2 mmol, 165 μL) in dimethyl sulfoxide (1.2 mL) under argon at room temperature, quinoline-2-carboxaldehyde (0.8 mmol, 126 mg) in dimethyl sulfoxide (0.8 mL) was added by a syringe pump with a 2 hours period. The mixture was allowed to stir at room temperature for another 1 hour. Then the mixture was diluted with ethyl acetate (10 mL), filtered, washed with water (20 mL) and brine (15 mL). The organic layer was evaporated and the residue was purified by flash column chromatography (Hexane:EA = 6:1) to afford the product as a brown solid (110 mg, 78%). 4-di(isoquinolin-1-yl)-2-methylbutane-1,4-dione (3k) To a solution of 1a (0.4 mmol, 44 μL), tetrakis(triphenylphosphine)palladium(0) (0.02 mmol, 23 mg), 5-(2-Hydroxyethyl)-3,4-dimethylthiazolium iodide (0.04 mmol, 12 mg) and triethylamine (1.2 mmol, 165 μL) in dimethyl sulfoxide (1.2 mL) under argon at room temperature, isoquinoline-1-carboxaldehyde (0.8 mmol, 126 mg) in dimethyl sulfoxide (0.8 mL) was added by a syringe pump with a 2 hours period. The mixture was allowed to stir at room temperature for another 1 hour. Then the mixture was diluted with ethyl acetate (10 mL), filtered, washed with water (20 mL) and brine (15 mL). The organic layer was evaporated and the residue was purified by flash column chromatography (Hexane:EA = 6:1) to afford the product as a dark brown solid (88 mg, 62%). 2 mL) under argon at room temperature, isoquinoline-3-carboxaldehyde (0.8 mmol, 126 mg) in dimethyl sulfoxide (0.8 mL) was added by a syringe pump with a 2 hours period. The mixture was allowed to stir at room temperature for another 1 hour. Then the mixture was diluted with ethyl acetate (10 mL), filtered, washed with water (20 mL) and brine (15 mL). The organic layer was evaporated and the residue was purified by flash column chromatography (Hexane:EA = 6:1) to afford the product as a yellow solid (102 mg, 72%). .5 μL) in dimethyl sulfoxide (0.8 mL) was added by a syringe pump with a 2 hours period. The mixture was allowed to stir at room temperature for another 1 hour. Then the mixture was diluted with ethyl acetate (10 mL), filtered, washed with water (20 mL) and brine (15 mL). The organic layer was evaporated and the residue was purified by flash column chromatography (Hexane:EA = 6:1) to afford the product as a yellow solid (102 mg, 72% 2'-(3-methyl-1H-pyrrole-2,5-diyl)dipyridine (4b) A solution of 2-methyl-1,4-di(pyridin-2-yl)butane-1,4-dione (3a) (51mg, 0.2mmol) and ammonium acetate (770mg, 10 mmol) in acetic acid (8 mL) was heated to 100 o C under nitrogen for 12 hours. Then EA (20 mL) was added and the reaction mixture was washed with water (20 mL) and saturated sodium bicarbonate solution (20 mL) and dried over sodium sulfate. The solvent of organic layer was removed under reduce pressure and the residue was purified by column chromatography (Hexane:EA = 1:1) to afford the product as pale yellow solid (43 mg, 92% 2,2'-(3-methylthiophene-2,5-diyl)dipyridine (4c) A solution of 2-methyl-1,4-di(pyridin-2-yl)butane-1,4-dione (3a) (51mg, 0.2mmol) and Lawesson's Reagent (89 mg, 0.22 mmol) in dichloromethane (3 mL) was stirred at 40 o C under nitrogen for 6 hours. Then EA (20 mL) was added and the reaction mixture was washed with water (10 mL) and saturated sodium bicarbonate solution (10 mL) and dried over sodium sulfate. The solvent of organic layer was removed under reduce pressure and the residue was purified by column chromatography (Hexane:EA = 4:1) to afford the product as yellow solid (32 mg, 64%). 
